INTRODUCTION {#sec1-1}
============

The prerequisites for good adhesion of the composite resin to the tooth structure, is that the adherent surfaces be clean and compatible, which is often difficult to attain and maintain. As the tooth surface is altered by rotary and manual instrumentation during cavity preparation, the smear layer is generated. The role of the smear layer is still controversial. However, a smear layer that can be modified to become stable and resistant to microleakage may be very beneficial for the long-term success of resin restoration.

Flouride therapy can reduce the demineralization of dental hard tissues. It has been shown that a tenacious Titanium-rich coating is readily formed after the application of Titanium Tetraflouride solution to enamel and cementum,\[[@ref1]--[@ref4]\] This coating cannot be removed with Potassium hydroxide or Hydrochloric acid treatment.\[[@ref5]--[@ref11]\] Use of titanium tetrafluoride solution as a smear layer modifying agent is a recent development.\[[@ref12]\]

Hence, this study was undertaken to study the *in vitro* effect of 4% titanium tetrafluoride application on the shear bond strength of composite resin.\[[@ref13]\]

MATERIALS AND METHODS {#sec1-2}
=====================

Fifty recently extracted, caries-free, human molars and premolars were obtained for the present study.\[[@ref14]\] The teeth were thoroughly hand-scaled, stored in water, and used within one month of extraction.\[[@ref15]\]

Materials {#sec2-1}
---------

The details of the materials used for the present study are given in the [Table 1](#T1){ref-type="table"}.

###### 

Materials used for the present study
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The occlusal surfaces of the teeth were ground just below the Dermal-Epidermal Junction (DEJ), in an orthodontic model trimmer, using water as a coolant.\[[@ref16]\] The horizontal-sectioned teeth were embedded in rectangular aluminium blocks of 1.5 × 1.5 × 2.5 cm and stabilized with the help of self-curing resin, exposing the cut dentin \[Tables [2](#T2){ref-type="table"}--[4](#T4){ref-type="table"}\].

###### 

The experimental teeth were randomly assigned to five groups of ten teeth each (n = 10)
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Mean and standard deviation values for shear bond strength
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###### 

Intergroup comparison of shear bond strength values
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Light curing was performed for 40 seconds. The cured cylindrical composite resin button measuring 3 mm diameter and 2 mm thickness was pushed out of the Teflon mold with a ball burnisher. The test specimens were then stored in distilled water for seven days before subjecting them to the shear test.

Testing the shear bond strength: The specimens were held horizontally in the lower member of the shear chuck, available especially for testing the shear in the Llyod\'s Universal testing machine. The equipment was operated at a cross-head speed of 5 mm / minute and maximum load, was recorded in newtons.\[[@ref6]\] Shear bond strength was calculated in MPa.

Statistical analysis: Mean and standard deviation were estimated from the sample for each study group. Inter-group comparisons were done using one way Anova followed by the Seheffe Host Hoc test. A p-value ≤ 0.05 was considered. The statistical calculations were executed using the SPSS software.

RESULTS {#sec1-3}
=======

Group 3 showed the highest bond strength among the experimental groups, but less than the control group (Group 1)The fracture mode under stereomicroscopic examination of groups 1, 2, and 3 exhibited to be predominantly cohesive in material and mixed failure (cohesive in material). Groups 4 and 5 revealed a predominantly adhesive variety.SEM observation: Photomicrographs of Groups 2 and 3 showed tenaciously attached Titanium-rich coating. In Groups 4 and 5 tenaciously bound coating was not seen and few patent dentinal tubules were present.

DISCUSSION {#sec1-4}
==========

Use of Titanium Tetraflouride solution as a smear layer modifying agent is a recent development. There is a rapid formation of complexes between Titanium Tetraflouride or its derivatives and the phosphates or organic material present in the dentin.\[[@ref5]\] The complex formed is 'a glaze, which is known as an organometallic complex. This forms a tenacious Titanium-rich coating on the tooth surface. The coating is stable and resistant to acids (HCl) and alkaline (KOH) washing procedures.\[[@ref5][@ref11]\] An approximately 0.1 micro-mm thick, electron-dense coating along the surface of the demineralized layer is a constant finding in the Titanium Tetafluoride-treated surfaces.\[[@ref8]\] Among the fluoride preparation, 2% Sodium fluoride was commonly used for topical application as it was found that it had a caries preventive effect. Various percentages of titanium tetrafluoride were tried, such as, 1%, 3.4%, and 4%.\[[@ref8][@ref17]\] Buyukyilmaz observed that when 4% Titanium tetrafluoride was used on these teeth surfaces, there were fewer cracks and higher resistance to alkali than with 1% titanium tetrafluoride solution. Hence, in the present study, 4% titanium tetrafluoride was used. Sen *et al*.\[[@ref18]\] evaluated the effect of 4% titanium tetrafluoride solution on root canal walls, with and without smear layer, by scanning electron microscopy. SEM observation of the smeared canal walls showed that titanium tetrafluoride solution modified the smear layer and produced a massive structure, and in the smear-free group a granular coating was formed on the intertubular and intratubular dentin. Hence, Titanium tetra fluoride was applied after etching, to evaluate the effect of titanium tetrafluoride on bond strength.\[[@ref19]--[@ref21]\] From the results of the present study, no statistically significant difference has been found between the bond strength of Group 1 and (Groups 2 and 3). This is because the mechanism of adhesion is similar in both the groups, namely, the modified smear layer concept. Hence, the bond strength values are not significantly different between the two groups. However, the Group 2 bond strength values are lower than the Group 3 values. This may be because of the inadequate etching achieved due to fluoride exposure. In Group 3, as the etching was carried out first, a better organometallic complex with the hydroxyapatite was formed on application of TiF4. Hence, a higher bond strength value compared to Group 2 was obtained in Group 3. The bond strength values for the NaF groups (Group 4 and 5) were the lowest among all the groups. This statistically significant difference was due to the fact that Sodium fluoride did not form organometallic complexes with dentin, unlike titanium tetrafluoride, resulting in an interface that was quite weak, causing decreased bond strength. The results of the stereomicroscopic examination revealed that the control group and titanium tetrafluoride groups showed predominantly cohesive failure within the material or mixed failures (within material), while the Sodium fluoride groups gave predominantly adhesive variety. For the Sodium fluoride group, where etching was done first and then Sodium fluoride was applied, no thick coating was found. This was because Sodium fluoride did not chemically bind to the tooth structure. Where Sodium fluoride was applied and then etched, less dentinal tubules were found open, because the etching was inadequate on a fluoridated tooth surface.

CONCLUSIONS {#sec1-5}
===========

Under the conditions of this *in vitro* study

Titanium tetrafluoride application on dentin did not significantly affect the bond strength of the composite resin.Sodium Fluoride application on dentin was found to deleteriously affect the bond strength of the composite.

The major problem with the use of composite resin is the inherent polymerization shrinkage, which predisposes to microleakage and secondary caries. Previous studies have shown that titanium tetrafluoride can reduce microleakage, which is attributed to its organometallic complex-forming property. The present study shows that after titanium tetrafluoride application, the bond strength is not significantly altered. Hence, it can be concluded that titanium tetrafluoride application is desirable, as it strikes a good balance between acceptable bond strength values and low microleakage.\[[@ref22]--[@ref24]\]
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